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Abstract




Extreme environments are generally thought to be stressful situations. Occupational deep diving is characterized by both physical and social extreme environments. Physically, divers are exposed to an increase in pressure related to the depth of sea water they reach; every 10 m, pressure increases 1 atmosphere. Because breathing air at depth induces nitrogen narcosis, breathing mixtures, including an oxygen diluent gas with lower narcotic potency than nitrogen, are used. Because helium has shown the lowest narcotic potency, it is extensively used. However, at depths deeper than 150–200 m, divers develop High-Pressure Neurological Syndrome (HPNS), which is a syndrome of hyperexcitability, that includes postural and intention tremor, myoclonia, psychosensorimotor disturbances, electroencephalographic changes, and sleep disorders (for review, see Bennett & Rostain, 1993). The current control strategies of HPNS include slow exponential compression with stages, adaptation at depth, addition to the basic helium-oxygen mixture of gases that show narcotic potency at raised pressure in order to decrease hyperexcitability, such as nitrogen or hydrogen, and the use of hydrogen-oxygen mixtures that are presently still in development (for review, see Bennett & Rostain, 1993). Socially, diving beyond 100–120 m inflicts on divers periods of long-term confinement in hyperbaric chambers for several days or weeks that include compression, stay-at-depth, and decompression phases. This social environment is further characterized by a lack of privacy, boredom due to the lack of environmental stimulation and interaction with the same limited number of individuals, and reductions in the gratification of the basic human needs of affection and feelings of personal significance.
In spite of these exceptional environmental conditions, few studies have evaluated the psychological effects of occupational deep diving. Case reports from studies using the MAACL Anxiety Checklist (O’Reilly, 1977), Luscher’s Color Test (Bugat, 1987a, 1987b, 1989) or Cattell’s Anxiety Scale Questionnaire (Abraini et al., 1995; Abraini, Bisson, Juan de Mendoza, & Therme, 1996) have clearly shown that subjects living in such environmental conditions may develop acute anxiety. Although these studies have mentioned personality as a factor explaining why some divers reported an increase in ratings of anxiety, the role of personality traits remains unclear.




Sixteen male experienced commercial divers from the French Navy and the COMEX company participated in the study. All of them had previously participated in deep-dive experiments with long-term confinement. The ages of the participants ranged from 28 to 43 years (M = 32 years). Predive physiological and psychological test batteries were administered. All divers tested within normal ranges.
Assessment of Anxiety Levels
Assessment of anxiety levels was performed using the revised version of Cattell’s Anxiety Scale Questionnaire (ASQ) (Krug, Scheier, & Cattell, 1976), which is considered to be a reliable scale of anxiety allowing repetitive sessions (Bobon, 1988). This questionnaire is based on the factor patterns resulting from the evaluation of 14 studies of anxiety symptoms that have demonstrated a crucial role in the development of anxiety of 5 personality factors, among the 16 from Cattell’s Personality Questionnaire (16 PF Questionnaire) (Cattell, 1956). Scoring the ASQ provides personality factor raw scores of apprehension (Factor Q3), tension (Factor Q4), emotional instability (Factor O), low self-control (Factor C), and suspicion (Factor L). The raw score of anxiety is obtained by adding the personality factor raw scores, so that an increase in anxiety score results from an increase of one to five of the personality factor scores. The ASQ handbook provides norms that allow conversion of raw scores into standard scores. As far as anxiety is concerned, standard scores of 0–3, 4–6, 7–8, and 9–10, reflect an ability to tolerate stress, normal levels of anxiety, typical neurotic levels of anxiety, and severe anxiety, respectively.
Diving Protocols and Procedures
All diving protocols and procedures were approved by ethical committees. All divers served as participants in a series of studies related to physiological and psychological patterns and processes of adaptation and adjustment in high-pressure environments and deep diving.
During each experiment, ASQ sessions were performed at the same time of day—between 10:00 a.m. and 12:00 a.m. Dive 1 (Hydra V) consisted of a dive of 450 m and 27 days of confinement (Gardette, 1989); ASQ sessions were performed on days d-6 before compression in hyperbaric chamber (control), d3 (10 m depth), d5 (200 m depth), d7 (450 m depth). Dive 2 (Hydra VIII) consisted of a dive of 500 m and 29 days of confinement (Gardette, 1989); ASQ sessions were performed on days d-2 (control), d1 (140 m depth), d5 (500 m depth), and d19 (320 m depth). Dive 3 (Hydra IX) consisted of a dive of 300 m and 73 days of confinement (Gardette, 1991); ASQ sessions were performed on days d-4 (control), d1 (10 m depth), d7 (180 m depth), d11 (240 m depth), d16 (300 m depth), d32 and d35 (225 m depth), d45 and d49 (210 m depth), d61 and d64 (200 m depth), d71 (45 m depth), and d73 (0 m depth, atmospheric pressure). During both dive 1 and dive 2, six divers participated. They were divided into two groups, according to personal preference, that lived in interconnected pressure chambers. During dive 3, four divers participated. The area and volume of the pressure chambers were 9 m2 and 20 m3 each, respectively.
Statistical Analysis
Changes in anxiety levels and personality factor scores were analyzed, for each experiment, based on diving depth and the duration of confinement using Page’s Test for Ordered Alternative. This test is an analysis of variance by ranks that tests the hypothesis that the scores of anxiety are the same versus the alternative hypothesis that they are ordered in a specific sequence (Siegel & Castellan, 1988). In this study, the ordered-specific sequences were diving depth and duration of confinement.
RESULTS
For the entire sample of divers, no group effect was found. Anxiety standard scores showed no significant changes based on diving depth or time of confinement during either the course of dive n81 (diving depth: L = 287, n = 6, k = 5, ns; time of confinement: L = 283, n = 6, k = 5, ns), the course of dive n82 (diving depth: L = 154, n = 6, k = 4, ns; time of confinement: L = 159, n = 6, k = 4, ns), or the course of dive n83 (diving depth: L = 398.5, n = 4, k = 7, ns; time of confinement: L = 486, n = 4, k = 7, ns).
At the individual level, 3 divers (one per experiment) among the 16 participants demonstrated a clinically relevant response of anxiety at any point during the course of the experi-ents. Interestingly, all these three divers showed a clinically relevant increase in ratings of Factor C (low self-control). In addition, two of them further showed a clinically relevant increase in ratings of Factor O. Personality Factors Q3, Q4, and L, which represent apprehension, tension, and suspicion, respectively, reached no clinically relevant scores. For each diver who developed an anxious reaction, anxiety and personality factor standard scores are detailed in Table 1.
DISCUSSION
In the present study, assessment of state-type anxiety levels was performed using the ASQ repeatedly over time. This needs to be discussed since the ASQ was originally designed as a trait-type measure of anxiety. In spite of this, the ASQ has been shown to be a reliable scale of anxiety, allowing repetitive sessions and assessment of changes in anxiety levels, that is, state-type measures of anxiety (Bobon, 1988; Cattell, 1957). In these conditions, as the scientific program of the Hydra experimental dives was overcharged and allowed no more psychological investigations, we decided to use the ASQ because this scale further presents the advantage to provide components of anxiety in terms of personality traits.
Although the physical and social conditions of deep diving are presumed to be stressful environments, our results show that only 3 divers among the 16 participants demonstrated a clinically relevant level of anxiety at any point during the course of the dives. For the entire sample of divers, no group effect was found. This confirms previous studies that reported that any adverse psychological symptoms that do occur in deep-diving environmental conditions (Abraini et al., 1995, 1996; Bugat, 1989; O’Reilly, 1977) and other extreme environments (Palinkas, 1986, 1991; Rivolier, Goldsmith, Lugg, & Taylor, 1988) remain at the individual level and are relatively transient. Such a general coping process could be related to the work emanating from crisis theory (Lindermann, 1989) and stress inoculation training (Meichenbaum, 1985), which support the notion that stressor agents can provide psychological growth rather than a risk to psychological health and well-being.
Interestingly, the personality patterns of the clinically relevant responses of anxiety reported in the present study appeared identical for the three divers and mainly related to Factor C and Factor O. Factor C represents low self-control. Factor O represents emotional instability and is considered to reflect some depressive anxious guilt. These results agree with previous studies that reported diving anxiety occurred in individuals who presented both a lack of personal adjustment and considerable difficulty in establishing the personal rapport necessary for effective team participation (Bugat, 1987a, 1987b; O’Reilly, 1977), associated with a concomitant increase in ratings of depression (O’Reilly, 1977). The consistency of these data suggests that personality traits, such as low-self control and emotional instability, that reflect an incapacity to control and express tension in an appropriate manner would play a crucial role in the occu rence of anxiety.
These findings do not agree totally with previous ASQ studies that suggested apprehension and tension would play a dominant role in the pattern of anxiety, whereas low self-control and emotional instability would only play a secondary role (Cattell & Scheier, 1958). These discrepancies could be the consequence of the fact that these studies focused on stressful situations of short-term duration, whereas studies on extreme environments focused on stressful situations of long-term duration that include both physical and social stressor agents. If such, this could indicate that the psychological processes of anxiety would depend on the situation, such that the personality patterns of anxiety may differ from one stressor agent to another. Relative support for this may be obtained from a previous study on the relationship between individual personality traits and criteria of adaptation, which has found that personality factors that predict successful adjustment in one subgroup participating in extreme environmental experiments may fail to predict adaptation in other subgroups (Doll, Gunderson, & Ryman, 1969).
Moreover, results in extreme environments are necessarily based on small samples; thus, their interpretation must keep in mind the obvious limitations in study design. For instance, in the present study, divers were professional and had prior experience with deep diving and psychological inventories that may have biased their responses to the ASQ. However, an examination of individual responses to each questionnaire revealed no consistent pattern that would indicate or suggest response bias. Further, the results of the present study are similar to those of other experiments comprised of individuals with little or no experience with psychological instruments and hyper- baric chamber experimental deep dives of long-term duration (O’Reilly, 1977).
Finally, our results suggest, in agreement with previous studies, that the incapacity to control and express tension in an appropriate manner could play a crucial role in the development of anxiety in stressful situations of long-term duration including both physical and social stressor agents, such as extreme environments.

Table 1. Depth, Day of Confinement, and Standard Scores of Anxiety and Personality Factors for Divers Who Presented an Anxious Reaction during Either Dive 1 (Hydra V), Dive 2 (Hydra VIII), or Dive 3 (Hydra IX)
Dive	Depth	Day	Anxiety	C	L	O	Q3	Q4
Hydra V	0 m	d–7	5	5	4	5	5	6
	10 m	d  2	6	5	3	6	6	6
	200 m	d  4	4	5	4	2	6	4
	450 m	d   6	7	9	3	6	6	6
	355 m	d 16	4	6	6	2	6	2
Hydra VIII	0 m	d–2	2	3	4	3	4	0
	140 m	d  1	1	3	0	2	1	0
	500 m	d   5	8	10	3	8	5	6
	320 m	d 19	6	7	6	3	5	8
Hydra IX	0 m	d–4	4	5	4	2	6	4
	10 m	d  1	2	3	4	3	4	0










	0 m 	d 73	3	5	4	2	3	3
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